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The majority of gastrointestinal stromal tumors (GISTs) are
characterized by oncogenic gain-of-function mutations in the
receptor tyrosine kinase (RTK) ¢-KIT with a minority in PDGFRo.
Therapy for GISTs has been revolutionized by the use of the
selective tyrosine kinase inhibitor imatinib mesylate (IM). For
the subset (~10-15%) of GISTs that lack oncogenic mutations
in these receptors, the genetic changes driving tumorigenesis are
unknown. We recently reported that the gene encoding the insulin-
like growth factor 1 receptor (IGF-1R) is amplified in a subset of
GISTs, and the IGF-1R protein is overexpressed in wild-type and
pediatric GISTs. In this report we present a more complete picture
of the involvement of components of the insulin-like growth factor-
signaling pathway in the pathogenesis of GISTs. We also discuss
how the IGF pathway may provide additional molecular targets for
the treatment of GISTs that respond poorly to IM therapy.

Introduction

Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal tumors of the gut, with an estimated annual incidence
of 3,300—6,000 cases in the United States.! Clinically, diagnosis of
GIST is typically confirmed by immunohistochemical staining of
CD117, which recognizes the 145 kDa transmembrane glycoprotein
KIT.2 The coding gene, c-KI17, is the normal cellular homologue of
a viral oncogene (v-Kit, Hardy Zuckerman 4 feline sarcoma viral
oncogene homologue). The majority of primary GISTs contain
gain-of-function mutations in K77 (-70%) or in the related RTK
PDGFR-0. (-10%).3® KIT mutations in GISTs cluster in exon
11, encoding the juxtamembrane domain of the receptor, and
in exon 9 encoding the extra-cellular domain, with less frequent
mutations in exon 13 encoding the ATP binding site and exon 17
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encoding the activation loop; mutations in PDGFRa are found in
homologous sequences in exons 12 and 18. These mutations lead to
constitutive receptor auto-phosphorylation and activation of down-
stream signaling pathways (PI3-kinase/AKT pathways, MAP kinase,
STAT)%? that influence cell survival and proliferation, neoplastic
transformation and malignant progression.!%!3 The discovery of
oncogenic RTK mutations in GISTs has led to the successful appli-
cation of the selective tyrosine kinase inhibitor imatinib mesylate
(IM) in the treatment of metastatic and/or unresectable GISTs.1415
However, a significant subset of GISTs lack mutations in K77 and
PDGFR-a, and these “wild-type” (WT) GISTs, along with certain
mutant GISTs (i.e., exon 9 and 17 KI/T mutants) are more refrac-
tory to IM treatment than exon 11 mutants.1%18 Only -28% of
wild type GISTs, and 38% of exon 9 mutants, show an objective
response to imatinib therapy, as compared to 71% of exon 11 KIT
mutants, and these patients exhibit shorter time-to-progression and
decreased overall survival benefit than those with “IM-sensitive”
tumors.!> This seems to be true as well for the subset of GISTs that
arise in pediatric patients, which as a class are more likely to be
wild-type for both receptors.!® A current focus for the field then is
to search for genetic determinants of GIST pathogenesis, other than
KIT or PDRGR-0,, that may be addressed by molecularly targeted
therapeutics.

Several recent papers suggest that members of the insulin-like
growth factor (IGF) system may play a role in GIST pathogen-
esis.?%23 These studies coincide with the development of drugs
targeting this pathway, some of which are already in the clinic for
other cancers. The IGF signaling system has been implicated in a
variety of cancers, and the reader is directed to recent reviews on the
potential involvement of the IGF pathway in tumorigenesis.?42
The IGF system consists of the receptors IGF-1R and IGF-2R,
two ligands (growth factors IGF-1 and IGF-2), and six binding
proteins (IGF-BP1-6) (Fig. 1). IGF-1, produced mainly in the
liver, circulates as an endocrine hormone, but it is also synthesized
in target tissues where it works in a paracrine/autocrine fashion.
Binding of IGF-1 (or IGF-2) to the type 2 membrane tyrosine kinase
IGF-1R leads to receptor activation through auto-phosphorylation
of intracellular tyrosine residues, to which adaptor proteins such
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as the insulin receptor substrates (IRS)
1-4 and Shc dock. This leads to activa-
tion of downstream signaling cascades
(PI3-kinase/AKT/mTOR, RAF-1/MEK/
MAPK) triggering protein synthesis, as
well as anti-apoptotic and proliferative
pathways (see Fig. 1 and reviewed in ref.
26). IGF-2R lacks the tyrosine kinase
domain and acts as a scavenger for IGF-2,
regulating its interaction with IGF-1R.
The binding proteins, IGF-BP1-6, also
produced in the liver, circulate and bind
to the IGFs with varying affinities, thus
regulating the interaction of the IGFs with

IGF-1R/IR

their receptors. The system is somewhat
more complex, as hybrid receptors exist
consisting of heterodimers of IGF-1R
and insulin receptor (IR) monomers;
these hybrid receptors can be activated
by IGF-1, IGF-2, and to a lesser extent
by insulin itself. While insulin and the
insulin receptor serve to maintain glucose

homeostasis, the IGF system plays a vital
role in normal growth and development.

Proliferation Survival Metastasis

Various lines of evidence suggest that
the IGF system may play a role in cancer
cell growth and metastasis. Numerous
studies focusing mainly on IGF-1, IGF-2
and the IGF-1R have demonstrated that
these genes are overexpressed as compared
to normal tissue in cancer cells, including
brain, breast, GI tract, ovary, prostate and others. IGF-2 overex-
pression is of special interest in sarcomas, where activation of the
normally imprinted maternal allele, a common epigenetic modi-
fication first described in Wilms tumors,?® leads to an increase in
IGEF-2 expression and is associated with increased cell proliferation
and tumor risk in rhabdomyosarcoma as well as other cancers.??
Multiple epidemiological studies have shown a correlation between
high serum levels of IGFs and the risk for various cancers, and studies
in some cancers make the case for an association between high IGF
levels and tumor progression (reviewed in ref. 26). The case for the
IGF type 1 receptor is not as clear, where for example, in breast
cancer studies there are conflicting results concerning the prognostic
and clinical importance of IGF-1R levels.?*-33 The observed correla-
tion between outcome and IGF component expression levels seen
in these studies may result from the ability of the IGF pathway to
influence metastatic potential. In vitro studies suggest that at the
molecular level the IGF system may be able to interact with other
signaling pathways to promote processes such as vascularization
(through VEGF in crosstalk with the hypoxia response pathway), as
well as extra-cellular matrix remodeling and tumor cell invasiveness
through interactions with metalloproteinases or the urokinase plas-
minogen activation system.>43? Animal models as well support the
role of the IGF system in cancer growth. Forced overexpression with
the use of an IGF-1 transgene promotes prostate cancer progression
in TRAMP mice, %0 while in rats increased IGF-1 levels resulting
from exposure to high levels of sex hormones leads to progression to
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Figure 1. The insulinlike growth factor system and its potential role in tumorigenesis. The IGF system
ligands IGF-1, IGF-2, and insulin (Ins) circulate and inferact with binding proteins (IGF-BP) or bind to the
membrane-bound receptors IGF-1R, IGF-2R, the insulin receptor itself (IR) or hybrid receptors (IGF-1R/IR).
Ligand binding results in receptor autophosphorylation and activation of downstream signaling pathways
leading to cell proliferation, survival and metastasis.

adenocarcinoma of the prostate.41 On the other hand, animal models
with decreased levels of activation of the IGF pathway (for example
lit/lit, dw/dw, LID mice) have a lower cancer incidence when
challenged with carcinogenic inducers such as dimethylbenz[a]
anthracene and diethylnitrosamine.42’43 These models indicate
that forced expression or activation of the IGF system can indeed
influence tumorigenesis in cancer cells and animal models, but
understanding the role of IGF signaling in specific cancers will
depend on a thorough understanding of the interactions between all
the components of the pathway within the cellular mileau.

Expression of IGF Signaling Components in GISTs

Interest in the IGF pathway in our group began with the
discovery of low-level copy number gain (3 to 8 copies per cell) in
the /GF-IR locus using Fluorescent In Situ Hybridization (FISH)
analysis of WT and mutant GIST samples.”! Genomic quantitative
PCR (qPCR) analysis was used to confirm amplification (3—4 copies)
of the gene in a subset of GISTs, including both mutant and WT. In
our study, amplification of /GF-1R was more frequently detected in
WT samples (7 of 10) as compared to ¢-KIT or PDGFRo.-mutated
samples (5 of 18). Immunoblot analysis of 17 tumor samples (15
mutant, 2 WT) revealed the protein was present and phosphorylated
in all samples, but was overexpressed 10- to 30-fold in WT GISTs
compared with mutant GISTs. Since that report, we have examined
IGF-1R protein expression in additional GIST tumor samples and
found that IGF-1R was similarly overexpressed in 75% of WT
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Figure 2. IGF-1R expression in GIST biopsies. Immunoblot assays of 27
consecutive freshfrozen GIST biopsies using an anti-IGF-1R antibody. 100
ug of WCE from each sample was subjected to immunoblotting. c-KIT or
PDGFRa. genotype for each GIST is listed below (+ or -). Asterisks indicate
WT GISTs.

Table 1 Relative expression of IGF system genes in WT v.
mutant GISTs®
IGF pathway gene Fold difference in expression, WT/mutant (range)
v. HPRT control v. b-actin control

IGF-1R 17.6 (3.84-81.0) 19.2 (2.27-162)
IGF-2R 2.11 (1.03-4.31)c 1.98 (0.39-10.0)
IGF-1 1.92 (0.68-5.41) 2.09 (0.16-28.0)
IGF-2 0.14 (0.016-1.22) 0.15 (0.010-2.32)
IGF-BP1 1.25 (0.56-2.82) 0.45 (0.19-1.04)
IGF-BP2 1.83 (0.60-5.59) 1.88 (0.12-28.79)
IGF-BP3 1.98 (0.82-4.79) 2.04 (0.16-26.4)
IGF-BP4 1.67 (0.76-3.71) 1.73 (0.21-14.4)
IGF-BP5 5.46 (1.29-23.1) 5.63 (0.32-99.8)
IGF-BP6 0.62 (0.18-2.06) 1.75 (0.014-214)

RNA expression levels were normalized to HPRT or b-actin RNA. RNA extracted from imatinib-naive flash-
frozen GIST specimens was subjected to quantitative RT-PCR analysis using TagMan gene expression assays
on an ABI PRISM 7900 HT Sequence Detection System, Applied Biosystems, Foster, CA. "p value < 0.005
as determined by Student f test. p value < 0.05 as determined by Student  test.

samples (Fig. 2). We also were able to detect /GF-I1R amplification
and overexpression in a tumor specimen from a pediatric GIST
patient, the latter observation in agreement with a previous study. %4
Pediatric GISTs are an intriguing subset of GISTs that are found
almost exclusively in females with a multifocal gastric presentation,
and generally lack detectable mutations in ¢-K77 and PDGFRo. 44 Tn
a molecular characterization of a panel of pediatric GISTs compared
to adult WT and adult gastric GISTs, Agaram and colleagues found
overexpression of a number of genes including IGF-1R and the
IGF-1,22 suggesting that this pathway may be further upregulated in
pediatric as compared to adule WT GISTs. In addition, IGF-2 was
determined to be one of the top genes to discriminate GISTs from
other sarcomas.

We have since extended our analysis to the other described
members of the IGF pathway, including the IGF-2R, the two
insulin-like growth factors, and the six binding proteins. Table 1
summarizes a qQPCR analysis of these genes performed on eight
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Figure 3. IGF-1 expression in various sarcomas. IHC staining was performed
as described in ref. 21 on tissue from a leiomyosarcoma, liposarcoma, WT
GIST and mutant GIST. The primary IGF-1 antibody was used at a 1:100
dilution and was purchased from Santa Cruz Biotechnology Inc. Top two
panels show positive IGF-1 staining in the leiomyosarcoma and liposarcoma,
whereas the two boftom panels show no IGF-1 expression in both GIST
samples (WT and mutant). Pictures were taken with 20x magnification.

(8) ¢-KIT- and PDGFRo-mutation negative fresh-frozen GIST
specimens, including one pediatric WT, and thirteen (13) mutated
samples. We find that IGF-1R mRNA is overexpressed >17 to 19-fold
in WT versus mutant GISTs (with a p value = 0.0013 using HPRT as
RNA control), which is in agreement with our previous immunoblot
assays.”! IGF-2R mRNA is also expressed at higher levels in the WT
samples analyzed (-2-fold, p = 0.0268). In contrast, IGF-1 mRNA
is expressed at very low levels in these samples, with lictle difference
between WT and mutant samples. IGF-2 transcript was expressed at
much higher levels than IGF-1 in virtually all samples and >6 fold
higher in mutants than in WT, although without statistical correla-
tion. Interestingly, the levels of IGF-2 transcript detected in GISTs
was significantly higher relative to the other IGF pathway transcripts,
such as IGF-1R and IGF-2R suggesting that IGF-2 protein may be
rapidly degraded and/or metabolized in GISTs (data not shown).
Interestingly, a number of reports in the literature have implicated
abnormally high plasma levels of IGF-2 with occurrences of non-
hyperinsulinemic hypoglycemia in some GIST patients (reviewed in
ref. 23). Our qPCR data and IHC data (see below) are in agreement
with the suggestion that overexpression of IGF-2 transcript may lead
to abnormal protein accumulation impacting glucose homeostasis.
In a recent report examining the expression of IGF-1 and IGF-2
in a set of 94 GISTs, Braconi and colleagues were able to correlate the
intensity of staining of both growth factors with tumor parameters
such as mitotic index and risk potential, and low IGF-1 and IGF-2
expression was found to be associated with a better trend in disease-
free survival.?? Interestingly, we failed to detect significant levels of
IGF-1 by IHC in the 34 GIST specimens using either the polyclonal
rabbit anti-IGF1 antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) used in the aforementioned study or a monoclonal anti-IGF-1
antibody (R&D System Company), although both antibodies were
able to detect IGF-1 on sarcoma tissue microarrays (Fig. 3 and data
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Figure 4. Expression of IGF components in WT and mutant GISTs by immu-
nohstochemistry (IHC). IGF-1R, IGF-1, IGF-2 and KIT expression in WT and
mutant GISTs as analyzed by IHC. Primary antibodies used include IGF-2
(1:500 dilution, Abcam), IGF-1R (1:50 dilution, Cell Signaling) and KIT
(1:2000 dilution, Dako).

not shown). Therefore, our IGF-1 IHC data are consistent with low
qPCR levels detected by qRT-PCR in our specimens. Consistent
with the Braconi study, we were able to detect IGF-2 in most of
our samples (Fig. 4). For these samples we attempted to correlate
our staining intensities with mutation status or with malignant risk
potential,“ but neither parameter was significantly correlated with
IGF-2 staining intensity, albeit in a relatively small sample set as
compared to the previous study. Furthermore, our study did not
have clinical outcome data so we could not confirm or reject their
observations. We also performed IHC for IGF-1R expression in a
larger sample set of GIST samples (n = 34, 22 mutant, 12 WT) and
confirmed that IGF-1R is significantly overexpressed in WT GISTs
as compared to mutant GISTs (p = 0.0084, two-sided Fisher’s exact
test). In addition, a strong correlation was observed between weak
IGF-1R and weak IGF-2 expression by IHC (p = 0.0002).

We were also interested in evaluating whether the expression of
genes in the IGF pathway are altered in response to treatment with
imatinib. Trent and colleagues have demonstrated that expression

of the IGF-BP3 is regulated differentially in GISTs in response to
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Table 2 Effect of IM on expression of IGF pathway genes®
Sample  KIT/PDGFRct genotype IGFIR  IGF2R  IGFI IGF2
1 wild type 17.3 0.86 69 0.15
2 not available 1.60 0.50 0.66 0.60
3 KIT exon 11 mutant 29.1 0.11 2.18 0.04
4 KIT exon 11 mutant 46.5 0.43 63.9 0.55

%alues given are ratios of RNA expression levels in post/pre samples. RNA, extracted from flash-frozen
biopsy specimens and from resected tumors following up to 12 weeks of IM treatment was subjected fo quan-
titative RT-PCR analysis using TagMan gene expression assays. RNA levels were first normalized to HPRT.

short-termIM treatment.?? They compared the level of IGF-BP3
mRNA in biopsy specimens and surgically resected GISTs, before
and after 3—7 days of IM therapy, and correlated these results to early
response to IM therapy as indicated by FDG-PET scan of the tumors.
In a small sample set of paired samples, they found an ~-two-fold
increase in IGF-BP3 mRNA in imatinib-responsive tumors following
IM treatment(mainly ¢-KI7 exon 11 mutants), while the gene was
downregulated in 3 of 3 non-responsive tumors that lacked exon 11
mutations.

We evaluated whether expression of IGF-1R, IGF-2R, IGF-1
and IGF-2 change upon treatment with IM. To do this, we utilized
fresh-frozen biopsies from 4 GIST patients obtained prior to and
after up to 8 weeks of IM therapy. qPCR analysis was performed
and gene expression was compared in the pre-IM versus the post-IM
samples. Table 2 shows that IGF-1R expression increases in all
post-IM samples, ranging from ~-2- to -47-fold. IGF-1 expression
also increased upon IM treatment in 3 out of 4 samples, ranging
from -2-fold to 69-fold. When IGF-2R and IGF-2 transcript
expression were examined the opposite effect was observed. In all 4
samples, both IGF-2R and IGF-2 mRNA levels decreased upon IM
treatment. This general trend, an increase in IGF-1R and IGF-1 gene
expression and decreased expression of IGF-2R and IGF-2 upon IM
therapy, observed in a small sample set, is of early interest and will
require further validation in a larger set of samples.

Targeting the IGF Pathway in GISTs

IGF pathway genes are differentially expressed in WT and ¢-K77-
and PDGFR-o.-mutated GISTs, and there is evidence that the level
of expression of some of these genes may be predictive of risk poten-
tial, immediate response to IM therapy, and long-term outcome in
patients. With respect to IGF-1R expression and its contribution to
downstream signaling pathways, we showed that the small molecule
tyrosine kinase inhibitor NVP-AEW541 (Novartis), which has
activity against IGF-1R,#7 decreases ligand-stimulated IGF-1R auto-
phosphorylation in the GIST cell lines T1 and 882 without affecting
phospho-KIT levels, and furthermore decreases the phosphorylation
of downstream signaling molecules AKT, MAPK1/2 and GSKB.?! In
addition, we found using standard cytotoxicity assays that these two
cell lines, previously shown to exhibit differential sensitivity to IM

treatment, 8

were in fact equally sensitive to the IGF-1R inhibitor.
There was an additive effect when the cell lines were treated with the
two drugs in combination.?! These results suggest that the use of
IGF-1R inhibitors should be investigated not only as a single agent
targeting those GISTs that do not respond well to imatinib and that

have been shown to overexpress IGF-1R, but also as a combination
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Figure 5. Current and future paradigms for treatment of GISTs. (A) First line therapy for treatment of GISTs is IM, however, primary and secondary resistance
has become a major clinical obstacle. Currently the second line therapy is sunitinib, which shows limited benefits and has led to the movement of additional
agents into clinical trials. (B) The future paradigm for GIST treatment will most likely include a molecular characterization (i.e., genotypic status, expression
profiles) of individual tumors before treatment decision. This type of characterization has the potential to lead to more effective treatment models in the

future.

agent to enhance therapeutic activity in IM-responsive tumors. It is
possible that such an approach of inhibiting both KIT/PDGFR and
IGF-1R pathways could extend the length of time that imatinib-
based therapy is effective, which is typically 2 years.'44%50 This may
benefit patients, as second line therapies, such as sunitinib (Sutent;
SU112488; Pfizer), have been shown to control disease for approxi-
mately 6 months.>!

Although NVP-AEW541 may never reach human clinical trials, a
number of other compounds targeting IGF-1R are currently in devel-
opment to treat a wide variety of tumors. OSI-906 (OSI), another
small molecule inhibitor of IGF-1R is currently in phase I trials to
treat solid tumors. In addition, several monoclonal antibodies to
IGF-1R are also in clinical development to treat many tumor types
such as lymphoma, bladder, breast, gastric, head/neck, melanoma,
soft tissue sarcomas, among others.24 A recent phase I dose escala-
tion study of CP-751,871 in refractory solid tumors demonstrated
the compound to be well tolerated and inhibited growth of tumors
in the majority of patients in the study.>? Phase IT and phase III trials
for CP-751,871 are currently underway to treat NSCLC, HRPC and
breast malignancies.?* IMC-A12 has shown potential in targeting a
wide range of cancers in xenograft models as a single agent, however,
much greater effects have been achieved when used in combination
with other cytotoxic agents.’> IMC-A12 is currently in phase I trial
to treat colorectal cancer.?* There is also evidence demonstrating
the potential value of combining IGF-1R inhibitors with additional
signal transduction inhibitors. Bertrand and colleagues showed that
IMC-A12 could be use to induce apoptosis in hematopoietic cells
as a single agent, but in combination with small molecule inhibi-
tors targeting either the AKT or MAPK pathways this effect was
augmented.”® These findings suggest a potential for combined
approaches in GIST treatment using IGF-1R targeting compounds.

In addition to previously published reports showing IGF-1R
inhibition successfully inhibits rhabdomyosarcoma cell growth,>5-57
two recent reports have suggested that, based on preclinical studies,
targeting IGF-1R in other sarcomas show promise in achieving
anti-tumor effects.’®3 A number of IGF-1R inhibitors are currently
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in clinical trials for treatment of Ewing’s sarcoma, osteosarcoma, as
well as rhabdomyosarcoma, offering even further evidence of the
need to get these compounds into clinical trials in GISTs. Early trials
of R1507 as well as other IGF-1R antibodies demonstrated objective
responses in Ewing’s sarcoma; a phase II study is further defining the
efficacy of R1507 in advanced Ewing’s Sarcoma, synovial sarcoma,
rhabdomyosarcoma, osteosarcoma as well as some other chemo-
insensitive sarcomas. In addition, based on our recent findings and
others, it may also be interesting to study the effects of targeting the
ligands of IGF-1R in GISTs.

Final Thoughts

Although imatinib mesylate has greatly improved the oncologist’s
abilities to treat GIST, the clinical reality is that many GISTs are
non-responsive to treatment and nearly half of metastatic GISTs do
not shrink significantly using current drug regimens. Furthermore,
primary and secondary drug-resistance has become a major clinical
concern.%®? As such, second line therapies are necessary to overcome
primary and secondary resistance to imatinib mesylate. Sunitinib,
an orally administered, multi-targeted tyrosine kinase inhibitor with
activity against KIT, PDGFRa, vascular endothelial growth factor
receptor (VEGFR) and FLT-1 is available for treatment following
progression on IM. Objective response rates to sunitinib are low,
10%, with an additional 50% of patients achieving disease stabiliza-
tion. The benefits of sunitinib; however, are limited with median
progression free survival of 6 months. Additional agents are in clin-
ical trials, primarily targeting KIT and PDGFR. It is not clear how
we will identify patients for therapy with each of these tyrosine kinase
inhibitors. Alternate targets may prove to have a greater impact on
the management of advanced GIST (reviewed in ref. 61).

It is becoming apparent that the current treatment paradigm
for the clinical management of GIST must change (Fig. 5A).
Personalizing patient care will be dependent on the molecular charac-
terization of individual tumors prior to treatment, e.g., pre-selecting
patients for treatment with imatinib based on ¢-KI7 and PDGFRo.
mutational status. Recent studies have suggested that patients
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with exon 9 mutations may benefit from higher doses of IM.%2
Furthermore, studies of gene expression profiles may one day help
to identify gene signatures that could designate patients’ GISTs that
are likely to more responsive to IM® and (Rink et al., unpublished
data) or other targeted agents, thus paving the way to potentially
more effective treatment models in the future. Finally, our recent
studies have highlighted the need to apply genomic and proteomic
approaches to identifying additional factors driving tumorigenesis
that may ultimately help identify new markers of tumor behavior,
prognosis, and drug response (Fig. 5B). Demonstrating that /GF-1R
is amplified and overexpressed in a portion of GISTs, especially
those lacking ¢-K77" or PDGFRo. mutations is an additional step to
better understanding the pathogenesis of this disease. More impor-
tantly, we demonstrated that imatinib sensitive and resistant GIST
cells may be responsive to IGF-1R-targeted therapies, suggesting
an alternative and/or complementary therapeutic regimen in the
clinical management of GIST, especially in tumors that respond
less favorably to imatinib-based therapy, including pediatric cases.
These findings are particularly exciting given the number of agents
targeting IGF-1R that are currently being tested in clinical trials.
Clinical trials using IGF-1R-targeted therapies for imatinib-refrac-
tory GIST patients, initially focusing on adult and pediatric GIST
patients lacking c-K77 or PDGFRo. mutations are in development.
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